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Report Number WAL 6Uo/l57 
Problem Number D-13,3 

15 February I9U5 

WELDING OF ARMOR 

Summary of Ballistic Shock Test Results for 
1/2, 3/g, 5/16 and l/k  Inch Homogeneous Armor nH" Plates 

Welded with Austenitic Electrodes and Tested at 
Aberdeen Proving Ground during the Period of 

1 April I9U3 through 31 March 19»*4» 

OBJECT 

To tabulate firing record data for subject plates and to present a 
comparison of ballistic shock performar.ce of plates made with various 
materials and welding procedures« 

SUMMARY 

la  Data from Aberdeen Proving Ground firing records for 309 welded 
armor "H" plates have been tabulated on the accompanying charts and tables» 

2.  With the exception of an experimental »^5$ C, »90$ Mn armor plate 
which showed excessive plate cracking, no correlation is evident between 
ohemical composition of the armor plate and ballistic performance. Steel 
quality (cleanliness and directional properties) appears to affect the 
amount of both plate and weld cracking. 

3»  No single Joint design or welding procedure variable was indicated 
as affecting the ballistic cracking significantly» 
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INTRODUCTION 

This is the ninth of a series of reports presenting tabulations of 
ballistic shock test results and velding procedure variablesfbr "H" plates 
welded by commercial fabricators. A previous report (WAL 6*40/90) dealt 
with "H" plates of l/2, 3/S, and l/M  inch thickness which were welded with 
austenitic electrodes and tested at Aberdeen Proving Ground during the 
period of 1 October 19U2 through 31 March 19^3. The present tabulation 
includes all firing recorde received by this arsenal for "H" plates of l/2« 
3/8» 5/l6» and l/k  inch thick rolled homogeneous armor which were welded 
with austenltic electrodes and tested at Aberdeen Proving Ground between 
1 April I9U3 and 1 April 19UU. 

Data from 309 firing records (lol - l/2", 67 - 3/8", 9 - 5/l6\ and 
72 - l/kn)  are tabulated in the charts of Appendix A. An index of fabricators, 
armor manufacturers, and electrode manufacturers is given in Table I. A 
summary of current ballistic shock test specification requirements and a key 
to tabulation methods and symbols used in this report are included in 
Appendix A. 

GBT2RAL C0MM3ETS 

For the purpose of this report all cracking in wold or plate metal within 
l/g inch of the edge of weld is included as weld cracking and the remainder 
as plate cracking. Table II shows the average plate and weld cracking in 
terms of variations in the conditions of ballistic testing, but the results 
do not provide a basis for correction or allowances for variation in number 
or velocity of impacts on any one tost plate. If the distance from the 
center of impact to the center of veld is greater than 1"»3/^ inches for 
tests made with the 37 mm. H.S. projectile, the impact is not considered as 
a fair te6t of the wold* 

However a considerable amount of cracking was caused by unfair rounds, 
and therefore all rounds are included in calculating average weld and plate 
cracking, but the number of rounds outside specification limits for velocity 
and location are listed and may be taken into consideration in comparing 
effects of armor and welding variables» 

There follows a summary discussion based on comoarisons of averago 
crocking per round for all plates in this tabulation in terms of welding 
fabricator, armor manufacturer and processing, electrode, Joint design, 
welding procedure, and radiographic soundness data. 

Fabricators - Table III 

The performance of "K" plates wolded by any one fabricator is dependent 
upon armor and olectrodes used as well as welding procedure and inspection 
control. 

Armor Data - Table 17 

Both nachineable homogeneous and hard homogeneous are included in thi* 
table because the two types overlap and a number of plates could qualify at 
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either type. With the exception of an experimental ,H5# C, ,90$ Mn armor 
plate which showed excessive plate metal cracking, no correlation is evident 
hetween chemical composition of the armor -plate and ballistic performance. 
A high ratio of plate to weld cracking is indicative of poor steel quality 
(cleanliness and directional properties). Previous tabulations have shown 
that poor steel quality armor plate consistently caur.es excessive weld 
cracking. Both plp.te and weld cracking would be expected to increase wi+H 
hardness of armor plate unless there has been a commensurate improvement 
in steel quality. 

Electrode Date - Table V 

These data do not justify any definite conclusions. It is probable 
that any changes in chemical composition of the weld deposits within the 
limits shown in these tables do not influence ballistic cracking provided 
a crack free weld is made with the electrode. 

Joint Design - Table VI 

For l/2 inch thick armor: 7^ plates were to 
angle single V, lU plates with 60° included angle 
with 60° included doable V joint preparation. Th 
difference in the amount of ballistic cracking in 
Similarly, there is no definite superiority for s 
with 60° included angles for either 3/S or l/U in 
performance of 3/8 inch thick plates with U50 inc 
joint preparation was inferior to those with 60° 
single or double V joint preparation. It appears 
either does not have a large effect on ballistic 
that its effect is masked by the effect of other 
cracking averages do not indicate any influence 0 
method of backup. 

folding Procedure - Table VII 

sted with U50 included 
double V, and 60 plates 
re was no significant 
these three groups. 

ingle or double v joints 
ch thick armor. The 
Luded anh-le single V 
included angle, either 
that joint preparation 

shock performance, or 
variables. Ballistic 
f width of root gap or 

The majority of tho l/2 inch thick plates "ere wolded with U or 5 
passes, 3/8 inch thick plates with 3 or U, and 5/l6 <n-nd l/U inch thick 
plates entirely with 2 pasros. Variations in number of passes for either 
the single or the double V joint preparations dc not correlate with any 
definite trends in ballistic performance. -To consistent effects of 
variations in order or technique of deposition, single or multiple beads in 
crow:-., cr utilization or number of 6eal beads arc evident- It is probable 
that the geometry of tho completed veld joint docs influence ballistic 
performance, but the firing record data are inadäquate to classify the 
joint geometry. 

Preheat temperatures of 150° - 6l0°? were employed for fourteen 
1/2 inch thick plr.tos. No improvement in average './eld cracking is shown 
for the preheated plates. 

One 3/8 inch thick plato was -'elded with a single unionmelt pass (chart 
No. 106. Appendix A). Tho plate failed radio-graphic inspection and 
developed excessive plate metal cracking. 

Badio^raphic Cfrta - Table VIII 

Radiographic unsoundncps was associated with increased weld cracking 
for 1/2, 3/8, and l/U inch thick plates. All ?/l6 inch plates pasred 
rndiographlc inspection« 
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TABLE I 

Index to Plates 

Hand Welded l/2 Inch Thick Soiled Amor nH" Plr ,tes 

Chart 
ITo,. 

No.  of 
Plates 

2 

Fabricator Armor Mfgr, Electrode Mfgr» 

1 American Locomotive      Youngstown Harnischfeger 

2 1 Ames Baldwin 
Wyoming Corroany 

You~gs town 
Great Lakes 

Crucible 

3-15 33 Buick Motor Republic 
Grert Lakes 
Jones & Laughlin 
Youngstown 

Alloy Rods 
Harnischfeger 

16 2 Buick Young8town Great Lakes 
Youngstown 

Crucible 

17-2U 

25-26 

17 

3 

Cadillac 

Chicago Vitreous 
Enamel Prod.  Co. 

Great Lakes 

Jones & Laughlin - 
Youngstown 

McKay 
Harnischfeger 
Crucible 

27 
2g 

l 
2 

Federal Machino 
Fisher Tank 
Division 

Republic 
Jones & Laughlin 
Great Lakes 

Harnischfeger 
McKay 

29-31 9 Fisher 3ody 
Lansing Div, 

Jones A Laughlin Harnischfeger 

32-33 k Fitigibbons 
Boiler Company 

Jones & Laughlin 
Carnegie-Illinois 
Great Lakes 
Youngstown 

Harnischfeger 
Lincoln Electric 

3^35 2 Florence Stove Great Lakes 
Jones 4 Laughlin 

Crucible 

36-U6 30 Ford Motor Company Ford Motor Company Crucible 
Arcos 
Reid Avery 
Page 
Metal 4 Therr.it 

U7-U6 6 Gonoral American      Carnegie-Illinois 
Transportation Corp. 

McKay 
Crucible 

U9 1 General Spring 
Bunper Division 

Grent Lake« 
Jor.ee A Laughlin 

Cruclblo 

50-51 2 Gority-Adrian Great Lakes 
Jones * Laughlin 

Crucible 

52 1 Gordon Hfg. Jones 4 Laughlin Crucible 

53 1 Holland Furnace Young«town Crucible 

.--'   . 
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TABLE I (Cont'd) 

■ 

Chart 
No. 

No. of 
Plates 

16 

Fabricator Armor Mfgr» Electrode Mfgr, 

5)4—60 Ilco Ordnance Republic 
Great Lakes 
Carnegie-Illinois 
Ingersoll Steel 

Harnischfeger 
Alloy Rods 
A. 0. Smith 

6l 1 Ingram 
Richardson 

Jones & Laughlin 
Great Lakes 

Crucible 

62 1 W, B. Jarvis Great Lakes 
Jones & Laughlin 

Crucible 

65-6U 2 Kalamazoo Young8town 
Great Laker 

Crucible 

65-70 5 Marnon-Herrington Ingersoll 
Great Lakes 

McKay 

71 1 Midland Bteel Jone8 & Laughlin Crucible 

72 1 Mclnemey Spring 
& Wire Conpany 

Jones & Laughlin 
Great Lakes 

Crucible 

73-77 10 Ternstedt Jones & Laughlin Alloy Rods 
McKay 
Hoi 1 up 
Page 

Hand . Welded "5/8 Inch Thick Rolled "H" Plat CB 

76 3 Buick Motor Div. 

79 1 Cadillac 

80-61 5 Chevrolot 

82-86 11 Doere & C' ipany 

87-103 U5 Ford Motor Co. 

Republic 

Great Lakes 

Z. C. Atkins 
Chevrolet Forge 

Youngs town 
Jonen & Laurhlin 

Ford Motor Co. 

Harnischfeger 
Crucible 

Reid-Avery 
McKay 

Lincoln Ilectric 
Crucible 

Crucible 
Ar ccs 
Lincoln Ilectric 
A. 0.  Smith 

Arcos 
Crucible 
Lincoln Electric 
Metal & Thermit 
Alloy Rods 
Harnischfeger 
McKay 
Roid-Arery 
Page 

i 

HMMIM I 
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Chart 

ioU 

105 

No» of 
Plates 

1 

TABLE I (Cont'd) 

Fabricator 

International 
Harvester 

Standard Steel 
Spring Company 

Armor Mfgrt 

E. C. Atkins 

Electrode Mfgr... 

Crucible 

Ford Motor Cot    Crucible 

106 

Unionmelt . 

1   Ford Motor Co.    Ford Motor Co»    Crucible 

107-109 

Hand Welded 5/l6 Inch Thick Holled "H" Plates 

9   Bulck Motor Div.  Jones & Laughlin   HarniBChfeger 
Great Lakes 

Hand Welded l/U Inch Thick Rolled nH" Plates 

110-116 20 Buick Motor Div.      Jones & Laughlin       Harnicchfeger 
Croat Lakes Alloy Hods 
Republic Steel Corp, 

117-121 12 Chcvrolot Motor 
Conpany 

Chevrolet Forge Karnischfeger 
Crucible 
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APPENDIX A 

1. Key to tabulation method and symbols. 

2. Specification requirements for H plates 
welded with austenitic electrodes. 

3« Tabulation of firing record data for 
3ubject H plates. 
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EBy TO TABULATION METHOD AND SYMBOLS 
■ "  ■ '■ ——»*■—"' ■ " ■ " 

- 

I 

»■ 

1«  Identification of Test 

Information in the first column identifies the test, 

2,  Armor Data 

A, Plate Thicknesses 

Platesin this tabulation are of 1 inch and 3/U inch thick 
homogeneous armor. 

B, Type Armor 

Armor compositions are typed as follows: 

Typical Analyses 

B (Rolled) 

Type C 

.26 

.27 

.25 

.27 
(noted 

Mn              Si 

1.15          .20 
1.30        .25 
1.60          .22 
.86        .79 

in tabulation) 

Cr 

.60 

.55 

.62 

Mo 

.20 

.U2 

.37 

.17 

Ni 

I 
II 
III 
IV 
V 

Mn-Ni-Cr-Mo 
Mn-Cr-Mo 
Mn-Mo 
Mn-Cr-Mo-Si 
Special 

1.00 

C (Cast) 

I 
II 
III 
IV 

Mn-Ni-Cr-Mo 
Mn-Cr-M» 
Mn-Mo 
Special 

C,       Carton 

.32 

.28 

.30 
{noted 

Content 

.80        .35 
1.55        M 
1,58          ,Uo 

in tabulation) 

.55 .1+0 
.12 
.30 

.1*5 

Zr 

.09 

Carbon content is listed as given, 

D.  Brlnell Hardness Number (BHN) 

The Brinell hardness numbers on both the front and ba«k of rclate 
are tabulated. 

Ea  Process 

This refers to the molting practice and is given as basic open 
hearth (B.O.H.), "cid open hearth (A.O.H.), basic electric (B. Jlec.), and 
acid electric (A. Blec). 

F,  Heat Treatment 

The temperature,  time of hold, and type of quench rM draw are 
given in the firing record. 

-nr  
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3.  Electrode Data 

These data are listed as given in each firing record« 

A.  Type 

Since alloys are sometimes added in the coating, electrodes are 
typed according to the chemical analysis of the veld metal when given. 
The types are as follows: 

A (Austenitic). 

I Mn-Mo Modified 18/8 (Cr-Ni-Pe alloy) 
Weld Analysis - at least 1# Hn and .3$ Mo. 

II MB Modified 18/8 (Cr-Ni-Te alloy) 
Weld Analysis - at least 1$ Mn and le3s than .3$ Mo. 

III Mo Modified 18/8 (Cr-Ki-Fe alloy) 
Weld Analysis - at least .3$ Mo and less than 1$ Mn. 

B«  Current and Polarity 

These are to he tabulated as DC straight (str.), DC reversed (rev.) 
or AC, 

^»  Joint Design 

A, G-raovc, etc. 

This item notes the type of groove - single vee (SV) "bevel or 
double vee (DV) bevel - the included angle, and the widxh of the root 
face (MP). 

B, foot Gap 

This is the distance in inches between the pletes as set up for 
welding. 

C, Plate Preparation 

This indicates whether the nlate edg^s to be welded together were 
flane cut, ground, machined, buttered, etc» 

5»  Welding Prtcedure 

A.  Backing 

Backing if used,   i.o. back-up bar,   chill,   filler,  and 8T>acer 
■trip is noted. 

-• 
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3«  Deposition 

Jlgure 1 shoms how the weld is broken up into root, body, and 
crown types« The si«e electrode is noted with the number of passes, type 
of peases« and the current and voltage. Passes are divided into two kinds: 
(a) layer, if the pass bridges the gapt and (b) bead, if the pass does not 
biidge the gap. SB designates seal bead. 

C, Total Welding Time.and Ipterpass Temperature 

These are listed as given. 

D. Remarks 

Any comments on chipping, grinding, or other special techniques 
used, not noted above but which might affect ballistic properties of welded 
armor plate, are noted under "remarks". 

6«  Heat 

Preheat and postheat of weldment are tabulated» 

7.  Ballistic Results 

The type projectile used in testing is noted for each plate. Hits, 
velocity, and location of each, err eking and remarks on crr.cking, are 
recorded. Symbols used are as follows: 

E. - impact number 
I/S - feet Tier second 
L.L. - left leg 
R.L. - right leg 
C.3. - cross bar 
LOC. - location 
R. - right of 
L. - left of 
X - on weld 
u - above 
D - below 
IMP - running fror, or through impact 
U — not running from or through impact 

Types of cracking: 

I  - '..'eld (including weld, fusion zone, and heat-affected zone 
cracking within l/g inch from wold) 

IV - Star plate cracking 
V - Linear date crocking 

\ 

Cracking ie measured on the back of the rüate. 

8. The remarks on cracking and results of radiographic examination are 
recorded in the last column. P signifies the welded nlate passed radio- 
graphic inspection, and T  that it failed. 

■iii- 
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SPECIFICATION BBqpilQMmrS FOR "H" PLATES 
VBLEED WITH AUSTMITIC IIE'CTROEBS 

From 3 May 19^U, to the present, the following requirements have "been 
in effect (ae abstracted from Specification AXS-U97, Rov. 5, 15 December 19U3), 

flF-3»  Ballistic tests. Test plates required by paragraph F-2a(l)a 
shall be supported solidly on each of the two sides parallel to the longest 
welds and with these welds upright. The plate shall be tested for compliance 
with the requirements of Table II. 

TABLE II 
r 

Striking Allowable 
Thickness of Type of velocity f/s, i^eld crack- 
shock test homogeneous plus or minus ing, inches, 

plate.» inches armor Projectile 

75 mm. T21 

25 f/s maximum 

L4/2 rolled 1200 15 
1-1/2 cast ft 1050 10 
1 rolled 11 725 17 
1 cast 57 mm. Tl 975 6 
3A rolled n goo 12 
1/2 rolled 37 mm. H.H. M5U 2525 12 
3/8 rolled n 2025 15 
Ik rolled IT 1625 12 

nF-3?u Crocks ir. the armor parallel to the weld and vithin l/8 inch 
of the edge of the weld shall be considered in the total weld cracking« 

"F-3b. All impr.ct velocities specified for cast homogeneous armor are 
subject to variation depending on the actual armor thickness. This variation 
shall be based on the velocities specified for testing primary amor and 
results in velocity of 6 f/s for each increase of 0.01 inch in armor thickness. 

"F-3c.  Cracking of the plate outside a circle of 6 inches radius, tho 
center of which is the center of impact, or plate cracks greater than 6 inches 
in longth not passing through the point of impact shall bo considered cause 
for reporting "no tost". Other types of armor cracking which indicate that 
tho test of the welding procedure is insufficient nay also be cause for 
reporting "no test". The phraso "no tost" is defined as that condition 
existing when the results of the ballistic test are such that it is impossible 
to arrive at a decision as to the accmtaMlity of the welding nrocedure. 

"F-3d. The impact of the 75 mm. nroof irojoctilc T21 or the 57 nrn. 
proof projectile Tl shall touch tho edge of the "eld to to considered as 
conferring to the requirements of the test. 

"F-3c. The impact of the 37 run. H.2. projectilo K5U shall be within 
1-3/^ inches of the weld as r.casurod fr^r. tho center of the impact to the 
center of the wold to to considered as conforming to tho requirements of 
tho tost. 

-iv- 
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"F*^» Impacts, the edges of which are nore than 2 inches fron the 
edgo of the crossbar wold, which cause cracking in the crossbar either on 
the front or hack of the plato, which is not an extension of cra«king a 
log weld» shall ho cause for rejection of the welding procedure» 

aF-3g. Any inconsistency in the quality of the welding procedure 
revealed by inpact on a ballistic test plate nay be considered cause for 
reporting "no test" at the discretion of the proof officer, 

"I^h» Any length of wold cracking revealed as a result of an inpact 
outside the acceptable Units for irapr.cts shall be causo for rejection of 
tho welding procedure. 

"IVji. Impacts less than 6 inches fron the top or botton edge of the 
plate, which causo excessive wold cracking, shall "he considered as not 
conforning to the requirements of tho test. If, however, the cracking is 
not excessive and the requirements referred to in paragraph P~3d arc met, 
tho inpact will bo considered acceptable, 

"B-3J, Thicknesses r.ot covered by Table II shall bo tested as directed 
by the Chief of Ordnance, 

'«■i— ~—* 
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Root 
types Type I Type II 

i 

- 

Double 
V 

bevel 

Single 
V 

bevel 

etc. 

Single root bead 
at center of root 

More than one bead at root 

Single bead bridging 
root gap 

etc. 

More than  one be<vd bridging 
root g.^p 

Body 
types Type  I Tyre   II Type   III Tyre   IV Type  V 

Double 
V 

bevel 

Layers  only 3e<.ds  only layers 
beads 

Single 
V 

bevel 

n      ,   layers <£ Besds only   .J   , * beide 

Unlonmelt i Speolal 

Crown 

Double 
V 

A Single 
V 

bevel 

Tyre  II 

Single Crown 
Sing]a  vutt 
bridges  gap 

TT 
Tyre   III 

<** 

Multiple Crown 
Lnet bead  touches 

P"rent metal 

V 1T... 
Multiple Crown 

Last bead does  not 
touch parent roetrl 

Fig.   1    Weld «fetal Deposition Types 
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